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o-Quinodimethane (o-QDM) is known to be useful reactive intermediates to 
synthesize natural products including tetrahydronaphthalene frameworks such as 
steroids. Very few examples, however, have been reported on enantioselective 
Diels-Alder reactions of o-quinodimethane because o-QDM intermediate has high 
reactivity enough to react with dienophiles without chiral Lewis acids. In the present 
thesis, the systematic studies on stereoselective Diels-Alder reactions of o-QDM are 
described. 
   In chapter 1, the author has mentioned the development of chiral Lewis 
acid-catalyzed asymmetric cycloadditions of o-quinodimethane. Previously, his group 
achieved a highly enantioselective cycloaddition reaction of o-QDM by using a chiral 
Lewis acid consisting of DBFOX and nickel. o-(Triphenylstannylmethyl)benzyl 
methanesulfonate was employed as an o-QDM precursor in this reaction and 
DBFOX/Ni complex acts not only as a chiral source but also as a promoter for 
generating o-QDM. This reaction, however, required stoichiometric amounts of chiral 
Lewis acid in order to obtain high enantioselectivity (1 eq of DBFOX/Ni: 91% ee, 0.5 
eq: 57% ee). The author then investigated whether highly enantioselective cycloaddition 
of o-QDM can be achieved in the presence of a catalytic amount of DBFOX/Ni 
complex by improvement of the reaction procedure.  Enantioselectivity of the 
cycloadduct could be improved in the presence of catalytic amounts of DBFOX/Ni 
using a procedure as follows: To a suspension of Ni(II)-DBFOX/Ph (0.025 mmol), 
dienophile (0.025 mmol) was added to form complex with the chiral Lewis acid (step 1). 
Then o-QDM precursor (0.05 mmol) was added in one portion to the resulting mixture 
(step 2). After all of added precursor was consumed, the procedures (step 1 and 2) were 
repeated again. The reaction proceeded quantitatively and relatively high 
enantioselectivity was obtained (70% ee). 
  Chapter 2 deals with asymmetric cycloadditions of o-quinodimethane utilizing its 
spontaneous generation. In his laboratory, it was found that dissolving 
o-(Triphenylstannylmethyl)benzyl methanesulfonate in MeCN facilitated spontaneous 
generation of o-QDM. In this study, the asymmetric cycloaddition reaction of o-QDM 
with dienophile catalyzed by chiral organocatalysts was attempted, and achieved with 
good enantioselectivity. The reaction of o-QDM precursor with  -unsaturated 
aldehyde was carried out in the presence of α α’-diphenylprolinolsilylether derived 
from proline as an organocatalyst. This reaction was conducted in MeCN using 
trifluoroacetic acid as a co-catalyst in the presence of MS4A. Whichever aromatic 
dienophiles were employed, the corresponding cycloadducts were obtained with 
moderate selectivity (up to 62% ee). When methacrolein was employed for this reaction, 
the cycloadduct afforded relatively high yield but the ee was lowered. γ-Branched and 
β β-disubstituted unsaturated aldehydes could not form the corresponding cycloadduct 
presumably due to the steric hindrance at the reactive site. 
   In chapter 3, proline-catalyzed asymmetric Diels-Alder reactions of an 
o-quinodimethane has been disclosed. In the above-mentioned reaction, organocatalyst 
does not promote the generation of o-QDM but activates dienophiles. The author 
subsequently envisioned that if organocatalyst could act not only as a dienophile 
activator but also as a promoter for generation of o-QDM, highly enantioselective 
cycloaddition reaction of o-QDM would be achieved. We have already found 
that benzylstannanes bearing an imino group at the ortho position could generate 
α-amino-o-QDM under acidic conditions, and envisioned that L-proline would behave 
both as a promoter to generate α-amino-o-QDM and as a chiral catalyst to achieve 
enantioselective cycloaddition reactions of the o-QDM. Under the optimized reaction 
conditions, the asymmetric cycloaddition of α-amino-o-QDM with several aromatic 
α β-unsaturated aldehydes was conducted. The reaction proceeded successfully in the 
most cases to afford corresponding cycloadduct in good to excellent diastereo- and 
enantioselectivity (up to 92% dr and 97% ee). When cinnamaldehyde having a strong 
electron-withdrawing group was employed, both diastereo- and enantioselectivity were 
lowered (78% dr and 52% ee). 
   In chapter 4, the development of 2-[(trimethylsilyl)methyl]benzyl 
methanesulfonates as useful precursors for the generation of o-quinodimethanes has 
been demonstrated. α’-heterosubstituted α-silyl-o-xylenes are known to be useful 
compounds to generate o-QDM. However, there are some problems that still remain to 
be solved, e.g. being troublesome to prepare the precursor and/or requiring somewhat 
harsh conditions to generate o-QDM in some cases. For example, it has been reported 
that 2-[(trimethylsilyl)methyl]benzyl acetate and the corresponding carbonate required 
thermal conditions (>100 °C) to generate o-QDM. The author envisioned that the silyl 
compound which has a better leaving group than the ester and carbonate groups would 
generate o-QDM under milder conditions. In this study, the author aimed to develop a 
new precursor which can be prepared in short steps and generate o-QDM under mild 
conditions, and expected that 2-[(trimethylsilyl)methyl]benzyl methanesulfonate would 
meet the requirements. The combination of KF with a catalytic amount of 18-crown-6 
was effective for the induction of 1,4-elimination of the mesyloxy and the trimethylsilyl 
groups from the precursor leading to the generation of o-QDM at room temperature, 
which reacted with electron-deficient olefins to afford tetrahydronaphthalenes. 
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92% dr および 97% ee) で進行したが、強い電子求引基を持つ基質では低選択性








しくはカーボネートは o-QDM 発生のために 100 ℃以上の加熱条件を必要とし
ている。これに対して、エステルやカーボネート基よりも脱離性の高い置換基
を有するケイ素化合物であれば、より温和な条件で o-QDMを発生させることが
できるであろうと予想される。本研究では、調製が容易かつ温和な条件下でオ
ルトキノジメタンを発生可能な前駆体の開発を目指し、そして 2-[(トリメチルシ
リル)メチル]ベンジルメタンスルホネートがその要件を満たすことを明らかに
した。フッ化カリウムと触媒量のクラウンエーテルを用いることで、前駆体か
らのメシルオキシ基とトリメチルシリル基の 1,4-脱離を効果的に進行させ、室温
で o-QDMを発生させることができた。そして様々な電子不足オレフィンとの環
化付加反応を行い、対応するテトラヒドロナフタレンを得た。 
